Since the most of fallout deposition on the ground is brought about by rain fal13)4>, nuclide-analyses in individual rain water sample would be useful to make clear the features of fallout as well as to provide data necessary to estimate the external exposure.
The determination of individual gamma-emitting nuclide present in rain water can be rapidly done with gamma-ray spectrometry, sometimes combined with chemical analysis.
In general, younger fallout samples which were collected im mediately after their production showed complicated gamma-ray spectra, but after an appropriate period of time, the determination of intermediate half lived nuclides became much simpler owing to the extinction of shorter lived nuclides. The results and discussions based only on f-ray spectrometry will be reported here.
SAMPLING AND MEASUREMENT
Since the resumption of nuclear testings in September 1961, sampling of each rain fall was made by the use of a painted steel pot of 56 cm¢ x 60 cm, on the roof of the five-storied building of National Institute of Radiological Sciences.
One litre of each rain water sample, except in the case of smaller amount of precipitation, was evaporated to dryness and the residue was mounted on a stainless steel planchet for counting.
After measurement by GM counter, the individual gamma-emitter was deter mined by gamma-ray spectrometry.
The apparatus employed here consisted of a 14" x2' NaI(TI) crystal detector and RCL 128 channel pulse height analyzer.
In most cases, measurement by gamma-ray spectrometry was repeated twice in different energy ranges from zero to about 2 MeV and from zero to about 1 MeV. The latter energy range is more adequate for the precise measurement of the spectrum in the low energy region.
GAMMA-RAY SPECTROMETRIC DETERMINATION
The spectra obtained were analyzed with respect to the height of each photo peak by employing the method of least squares. For the mixed spectra of 144Ce (9.134 MeV), 106Ru _ 106Rh (0.516 MeV) and 95Zr+95Nb (0.75 MeV), it was experiment ally found that the magnitude of error in determing each peak height through the statistical method falls within ±100, for various fractions of nuclide mixtures. However, as will be mentioned later, the photo-peaks in the spectra which actual samples give do not always corres pond to single gamma-ray energies. This is because two peaks were superposed on account of poor re solving power of the instrument.
In the case of superposed peaks, the error in analyzing the spectra might become greater because of possible distortion in the shape of the peak. and the standard sample with known disintegration rate with a gamma-ray energy ES respectively.
The relative photo-peak efficiency (relative magnitude of the photo-peak area with gamma-ray energy) could be estimated experimentally by using several cas cade type gamma-ray emitting nuclides with the well established decay schemes. As a standard with a known disintegration rate, 137Cs point source was used . Sample, R61-11-6.
As can be seen in Fig. 1 , after short lived nuclides have decayed out, the typical gamma-ray spectrum shows three predominant photo-peaks respectively at around 0.14 MeV, 0.5 MeV and 0.75 MeV, and there are few significant peaks at higher energy region.
The 0.14 MeV peak is apparently due to 141Ce ( For the peaks of 141Ce+ 144Ce (0 .14 MeV) and 103Ru+106Ru (0.5 MeV), the fraction of each component was estimated by observing the decay rate of the peaks. When fallout is a few month old after its production, the 0.5 MeV peak mostly decays with a half life of nearly 40 days. This is possibly accounted for the fact that the relative abundance of 0.5 MeV gamma-ray emitted by 106Ru _ 106Rh is only 21%, while that by 103Ru being 90%. Besides, according to Hunter and Ballou6), the fission yields of 235U for these nuclides are such that the ratio of '°3Ru to 105Ru _ 106Rh in disintegration rate reaches unity at the time about 280 days after their production. 
RESULT
The analytical results were summarized in Table 2 .
The radioactivity was corrected with respect to the decay to reduce the value at each sampling date.
In making the correction for 95Zr+95Nb , the age of the debris must be taken into consideration. As for the radioactivity of the samples collected during October 1961, the origins (the date of formation) were estimated by as suming the t-1.2 decay low of the total beta radioactivity and by referring to the informations on the explosion tests. Table 2 .
(continued)
(1) that no shorter lived nuclide was detected until September 2, 1962 when ex plosions of USSR tests had been resumed in the Arctic region few weeks before, and (2) that, as shown in Fig. 3 , the decay rate of 0.14 MeV peak in the samples from March through July 1962 revealed no significant change with time to sug gest the mixing of the Pacific debris which would have caused a more rapid change in the 0.14 MeV peak at that period. The Russian test was resumed on August 5, 1962 and was continued through the year. As a result, fresh fallout with lot of amount of short lived nuclides was frequently found since September 2, which resulted again in a remarkable increase in cumulative deposition of 95Zr+95Nb as shown in Fig. 4 . Concerning  Fig. 4 , for the samples collected during the period from September through December 1962, no decay correction was made in com puting the cumulative deposition of 95Zr+95Nb, because the frequent tests made it quite difficult to distinguish the age of fallout and because the peak height of 95Zr+95Nb did not greatly change for three months or so following its production as shown in Fig. 2 .
The figures in the brackets in Table 2 were not obtained by observing the decay rate of the peaks, but estimated from the height of each superposed peak on the assumption that the 1o3Ru to 106Ru ratio is 0.1 and the 141Ce to 144Ce ratio is 1 at the time 90 days after their production.
These values of ratio were roughly estimated by observing the decay rates of the corresponding peaks in several rain water samples.
It is to be noted that, according to Hunter and Ballou, the ratios of 141Ce to 144Ce and of 103Ru to 1o6Ru would be unity at the time about 108 days and 280 days respectively after their production. 
DISCUSSION
In younger fallout, sometimes highly fractionated hot particles were found in rain water.
Several studies on the characters of these particles have been re ported by some investigators9>-11>. When one discusses fallout deposition on the basis of data which were obtained from the samples collected over a limited area, it should be kept in mind that both the heterogeneity of fallout deposition caused by hot particles and the magnitude of the surface area of the sample collection would influence the degree of accuracy.
The latter factor has been discussed by Guilino et all').
As shown in Fig. 4 , the rain that fell on November 6 1961, though the amount of precipitation was small, showed extremely high radioactivity possibly due to the 60 MT explosion on October 30 1961. The gamma-ray spectrum of this rain water sample was quite different from other ones with abnormally high level of 95Zr+95Nb , as seen in Fig. 5 , which suggests the heterogeneity of fallout deposi tion. However, gamma-ray spectrometric measurement of soil samples gave the 95Zr +15 Nb deposition of about 150 mµc/m2 on April 7 and 165 m/-cc/m2 on July 20 in 1962, which are not so different from those that are expected from the analytical results on rain water samples. From the decay rate of the 0.14 MeV peak and thus the ratio of 141Ce to 144Ce, one could estimate the degree of influence of the Pacific Test Series by observing an increase of the ratio due to the mixing of younger fallout.
As shown previously in Fig. 3 , the observed decay rates show no significant change for the samples,
